INTRODUCTION
The Eustachian tube is an osteocartilaginous structure, lined with respiratory ciliated mucosa. It connects the middle ear and the nasopharynx, remaining passively closed with periodic openings. 1, 2 It is responsible for pressure equalisation, ventilation of the middle ear and mucociliary clearance of secretions from the middle ear. It also prevents the retrograde flux of secretions and pathogens from the nasopharynx to the middle ear. 1, 2 Blockage of the Eustachian tube is responsible for tympanic membrane retractions, adhesions, recurrent otitis media with effusion and chronic otitis media. 1 There are no universally accepted functional tests or scoring systems to diagnose eustachian tube dysfunction (ETD). 2 Therefore, ETD diagnosis relies at this stage mainly on clinical examination. Symptomatic evaluation is very important to diagnose and to assess disease severity and treatment outcomes. 2 The "7-item Eustachian Tube Dysfunction Questionnaire" (ETDQ-7) was described and validated by McCoul et al and proved to be an useful tool, easy to apply, with good validity in the evaluation of ETD symptoms. 3 (Fig. 1 ) This study presents the validation process of the Portuguese version of the ETDQ-7, to be used as a routine procedure in the assessment of patients with ETD.
MATERIAL AND METHODS Questionnaire translation and adaptation
The translation of the English questionnaire with semantic and content equivalence was obtained from two independent translations by two bilingual physicians, followed by review and reconciliation of the content into a single forward translation. 4 Afterwards, independent back translations were performed by two English native speakers who were also fluent in Portuguese. These two versions were reconciled into a single version, which was compared with the original questionnaire, and a final consensual translated version was obtained. 4 A pilot test to assess the content validation of the translated version was carried out in a panel of 20 patients with ETD. Each respondent was asked to answer each question and to comment on clarity, comprehensibility, and ease of use. We observed proper understanding and acceptance, given the absence of doubts during the completion and the availability of patients to participate.
To assess the validity and reliability of the Portuguese version of ETDQ-7, permission was obtained from the corresponding author of the original scale (Anand V). 3
Psychometric studies
The study was approved by the Local Ethics Committee (CESHB-13/2017) and was performed according to the principles of the Declaration of Helsinki. All participants included in the study participated voluntarily and were fully informed about its aims, its anonymity and confidentiality. Written informed consent forms were obtained. The final form of the validated Portuguese version of the ETDQ-7 is included in this article ( Fig. 2 ).
Sample and questionnaires ETD group
Our study involved a convenience sequential sample of 50 outpatients above 18 years-old diagnosed with ETD, followed at our department.
The sample size (n = 50) was determined based on the sample of the original study by McCoul et al (n = 50). 3 Patients were diagnosed as having ETD if they had a retracted or poorly mobile tympanic membrane on pneumatic otoscopy, with a history of at least two of the following symptoms in one or both ears over the previous one month period: aural fullness or pressure, a sensation of clogged or muffled hearing, recurrent or persistent middle ear effusion (defined as an effusion present on examinations at least one month apart), or the inability to rapidly self-equilibrate middle ear pressure following changes in ambient atmospheric pressure. Eligibility criteria also included abnormal impedance audiometry at the time of enrollment.
Exclusion criteria included surgery of the head or neck within three months; a history of radiation therapy to the head and neck; sinonasal malignancy; evidence of acute upper respiratory infection, including sinusitis and acute otitis media; adenoid hypertrophy; nasal polyposis; cleft palate or history of cleft palate repair; craniofacial syndrome, including Down syndrome; cystic fibrosis; ciliary dysmotility syndrome; or other systemic immunodeficiency.
All respondents in the ETD group repeated the ETDQ-7 in a two week-period, without treatment during that period, to provide data for analysis of test-retest reliability. The patients agreed not to receive treatment during this period, as most of them were waiting for surgical procedure or had previously tried the medical treatment without improvement. The two-week period was chosen in our study because we believed it would imply a reasonable compromise between recollection bias and clinical change. 
Control group
A second group of 25 volunteers recruited from the hospital staff who did not meet the inclusion criteria were consecutively enrolled as a control group. The size of the control group was based on the original scale design process. 3 All these volunteers had a normal examination of the tympanic membrane, middle ear, nasal cavity, and nasopharynx. Normal impedance audiometry (type A) was used as a standard criterion to verify the absence of ETD.
Portuguese version of ETDQ-7
The Portuguese version of ETDQ-7 consists of seven questions, each being scored on a 1 to 7 scale, with a response of ''1'' indicating no problem and ''7'' indicating a severe problem. The higher the score, the worse the severity of symptoms.
Patients were asked if they had pressure, pain in the ears, a feeling of clogged or muffled hearing, ear symptoms during sinusitis or common cold, crackling sounds or tinnitus in one or both ears over the previous one-month period. In this scale, the lowest total score was 7 while the highest was 49.
Questionnaires were self-reported by patients and volunteers, between March and May of 2017. Data were also obtained through medical records in order to confirm the inclusion and exclusion criteria of ETD patients.
Statistical analysis
The evaluation of the psychometric properties of the questionnaire included the analysis of internal consistency, itemtotal score correlation and test-retest reliability.
Statistical analysis was performed with the IBM SPSS Statistics program, 22 nd version.
Descriptive statistics are presented as frequencies and percentages for categorical variables or as mean ± standard deviation for continuous variables. Conformity of the data to normal distribution was estimated with the Kolmogorov-Smirnov test. Internal consistency reliability was assessed using Cronbach's alpha coefficient. Test-retest reliability was evaluated using the intraclass correlation coefficient (ICC). 5 The qualitative cut-offs for ICC values suggested by Cicchetti (1994) were considered (poor: ICC < 0.40, fair: ICC 0.40 -0.59, good: 0.60 -0.74, and excellent: ICC 0.75 -1.0). 6 Correlation between each individual item and total ETDQ-7 scores was tested with Pearson or Spearman coefficient when the Pearson's assumptions are not met. 7 Discriminative validity was evaluated by comparison between scores of the test and control groups with independent sample t test. Significance was settled for p < 0.05.
RESULTS

Descriptive analysis Subjects
A total of 75 patients were enrolled for the validation of the study meeting the study eligibility criteria for ETD and control groups. Fifty subjects had a diagnosis of ETD, and 25 patients served as a control group.
ETD group
The mean age in the ETD group was 51.16 ±14.47 years, ranging from 18 to 57 years. There were 21 males (42%) and 29 females (58%). All subjects meeting inclusion criteria for ETD were found to have an abnormal tympanogram.
Control group
The mean age in the control group was 34.90 ± 9.84 years, ranging from 26 to 65 years. There were 6 males (24%) and 19 females (76%). All subjects in this group had bilateral type A tympanometry curve tracings.
Questionnaire
All patients completed all items of the questionnaire without difficulty, with an average time of response 1.35 ± 0.8 minutes.
The items with the highest score in the ETD group were item 7 ("A feeling that your hearing is muffled?"), item 3 ("A feeling that your ears are clogged or "under water?") and item 4 ("Ear symptoms when you have a cold or sinusitis?"). The lowest score was detected for item 2 ("Pain in the ears?") ( Table 1) .
The mean total score in the ETD group was 30.86 ± 6.84, with a minimum score of 16 and a maximum of 44. On the other hand, in the control group, the mean total score was 8.81 ± 2.09, with a minimum of 7 and a maximum of 15.
Internal consistency reliability
Internal consistency reliability testing of the ETDQ-7 yielded a Cronbach alpha of 0.896 (very high) for the entire instrument ( Table 2) .
Item-total correlation
The item-total correlation was above 0.4 in all items of the questionnaire ( 
Test-retest reliability
All patients with ETD repeated the questionnaire in an untreated state two weeks after the initial visit. Patients did not receive any medical or surgical intervention during the intervening period.
There was an excellent test-retest reliability for the validated Portuguese version of the ETDQ-7 Questionnaire. The ICC coefficient was above 0.8 for all items (ranging from 0.836 to 0.944) and there was a strong correlation between the first and second evaluations for each item of the questionnaire (Pearson correlation coefficient between 0.724 and 0.897; p < 0.01) 7 (Table 3 ). There were no statistically significant differences between the first and second evaluation scores for each item of the questionnaire (p > 0.05), except for Item 2 ("Pain in the ears?") ( Table 4 ). When the five patients who had an increase equal or higher than two point in the score of item 2 between observations were excluded from the analysis, one could see that there were no significant differences between the two evaluations (mean score of the first evaluation of item 2: 2.80 ± 1.779; second evaluation 2.93 ± 1.709)
Discriminant validity
In order to assess the ability of ETDQ-7 to differentiate between the patients with and without ETD, the scores between the test and control groups were compared. The total ETDQ-7 score among the 50 patients in the ETD group was significantly higher compared to the score among the 25 patients in the control group [t (73) = 20.447, p < 0.001, d = 4.359)] ( Table 5 ). The mean total score in the ETD group was 30.86 (± 6.84) compared with 8.81 (± 2.09) in the control group. The mean individual score for each of the seven items of the ETDQ-7 was also significantly greater for the ETD group compared to the control group (p < 0.001) ( Table 5 ).
DISCUSSION
ETD is a frequent pathological entity that may carry great morbidity to patients and a negative impact on patients' quality of life. The need for a validated, disease-specific instrument for ETD is particularly notable because of the lack of a widely accepted objective measure of the presence and severity of this disorder. 2, 3 In 2012, McCoul et al developed and validated the ETDQ-7 questionnaire for the evaluation of chronic ETD symptoms, in an attempt to improve patient management and follow-up. 3 This disease-specific instrument for ETD allows the quantitative measurement of subjective questions, which is important for formal and valid documentation of patient history as well as for record and subsequent comparisons after the implementation of treatment. Furthermore, this scale has potential usefulness for outcomes research in the study of patients with ETD.
The ETDQ-7 has been translated, validated and adapted to German, Turkish and Brazilian Portuguese, also with similar results to the original North-American version, and it is strongly suggested as an adjunct method for the diagnosis and management of patients with chronic ETD. [8] [9] [10] The current study aimed to translate, validate and culturally adapt the ETDQ-7 questionnaire into European Portuguese.
The internal consistency reliability testing of the Portuguese ETDQ-7 yielded a high Cronbach alpha (0.896) for each item. 11 An internal consistency evaluation after the elimination of each item did not substantially improve the observed internal consistency and, as a result, no items were added or removed from the tool. The high score of Cronbach alpha in our study shows that the items in the questionnaire are inter-related and that the construction of the instrument is homogeneous. On the other hand, this high score observed in our study might imply redundancy of some items from the questionnaire, which means that some items may evaluate the same symptom.
In our study, there was a strong correlation between individual items and total score. Item-total correlation exceeded the minimum acceptable value of 0.4 which represents an adequate item-total consistency. 11 Test-retest reliability of the Portuguese version was adequate with an ICC coefficient superior to 0.8 for all items. Also, there was a strong correlation between the first and second evaluations for each item of the questionnaire and there were no differences between the total value from the first and second evaluations, except for item 2. It is not clear the reason for this difference between observations for item 2 ("Pain in the ears?"). However, after the exclusion of the five patients who had a two-point or more increase in the score of item 2 between observations from the analysis, one can see that there are not significant differences between the two evaluations. Also, besides the symptom of pain in the ears not being specific of ETD, it is possible that these patients had a modification of their status between the two evaluations. Nevertheless, the difference encountered is minor and might have been insignificant if our sample was larger.
In the original study, the retest of patients one month later showed good test-retest reliability, with the retest in patients with chronic ETD, showing a Spearman's correlation coefficient of 0.78. Like in the original study, patients did not receive any medical or surgical intervention during the intervening period.
The items with the highest score in the ETD group were item 7 ("A feeling that your hearing is muffled?"), item 3 ("A feeling that your ears are clogged or "under water?") and item 4 ("Ear symptoms when you have a cold or sinusitis?"). The lowest score was detected for item 2 ("Pain in the ears?") which was the only item with a slight difference between the test 
